キギョウナイ ノ リガイ タイリツカ デノ サイテキナ トウシ ト シホン コウセイ ファイナンス ノ スウリ カイセキ ト ソノ オウヨウ by 芝田, 隆志 & 西原, 理
Title企業内の利害対立下での最適な投資と資本構成 (ファイナンスの数理解析とその応用)
Author(s)芝田, 隆志; 西原, 理















, ( ) , .
, .
2.1
, ( ) . ,
, . ,
, $r>0$ .
(EBIT) $QX_{t}$ , $Q>0$ , $X_{t}$
$dX_{t}=\mu X_{t}dt+\sigma X_{t}dz_{t}$, $t\geq 0$ , (2.1)
1 .
2 . Email: tshibataQtmu. ac. jp
3 . $b^{\neg}mai1:nishiharaQ_{8}\iota path$ . es. osaka-u. ac. $iP$
4 [$5|$ , [2] .
5 , $[3|[6][8]_{\iota}^{f}9]$ . , [ $10|[11|$ .
. 2 .
1580 2008 220-233 220
. , $r>\mu>0,$ $\sigma>0,$ $(z_{t})_{t\geq 0}$ . ,
,
$\Pi(x)=\frac{1-\tau}{r-\mu}Qx$ , (2.2)
. , $0<\tau<1$ .
, $I$ . $I$ ,
$q$ $I=I_{1\prime}$ $1-q$ $I=I_{2}$ . , , $0<I_{1}<I_{2}$ .
, $I_{1}$ , $I_{2}$ $(\Delta I$ $:=I_{2}-I_{1}>0$
).
, ( ) ,
, 4
.
, ( ) . ,
, $t=0$ $I=I_{1}$ $I=I_{2}$






. , $x_{Uk}^{i}lhI=I_{k}$ , $i$’ ,
“Ul’ $(k\in\{1,2\})$ . , $\beta$ ,
$\beta;=\frac{1}{2}-\frac{\mu}{\sigma^{2}}+\sqrt{(\frac{\mu}{\sigma^{2}}-\frac{1}{2})^{2}+\frac{2r}{\sigma^{2}}}>1$, (2.4)
. $\mathcal{M}_{U}^{*}=(x_{Uk}^{i*})$ ,
$(x_{Uk}^{i*})=( \frac{\beta}{\beta-1}\frac{1}{\Pi(1)}I_{k})$ , $k\in\{1,2\}$ , (2.5)
. , “*” . $x_{U1}^{i*}<x_{U2}^{i*}$ .
, $t<\dot{\Gamma}_{U1}^{*}$ $:=inf\{s\geq t;X_{s}\geq x_{U1}^{i*}\}$ $E_{U}^{*}(x)$ ,
$E_{U}^{*}(x)=q( \frac{x}{x_{U1}^{i*}})^{\beta}(\Pi(x_{L^{\gamma}1}^{i*})-I_{1})+(1-q)(\frac{x}{x_{U2}^{i*}})^{\beta}(\Pi(x_{U2}^{i*})-I_{2})$, (2.6)




, , , , 3
. 3 , .
, . ,
. , $I_{k}$ , $E_{Lk}(x)$ $T_{k}^{d}=$
$\inf\{s\geq t;X_{\epsilon}\leq x_{k}^{d}\}$ . , $d$’ , $L$’
. , , $I_{k}$ ,
$E_{Lk}(x)= \sup_{T_{k}^{d}}E^{x}[\int_{t}^{T_{k}^{d}}e^{-r(s-t)}(1-\tau)(QX_{\theta}-c_{k})ds]$ , (2.7)
6 , $E^{x}$ $X_{t}=x$ $(X_{s})_{s\geq t}$ $\mathbb{P}^{x}$
, $c_{k}=c(I_{k})$ . , $x_{k}^{d}$ ,
$x_{k}^{d}= \frac{\gamma}{\gamma-1}\frac{r-\mu}{Q}\frac{c_{k}}{r}$, $k\in\{1,2\}$ , (2.8)
. , $\gamma$ ,
$\gamma:=\frac{1}{2}-\frac{\mu}{\sigma^{2}}-\sqrt{(\frac{\mu}{\sigma^{2}}-\frac{1}{2})^{2}+\frac{2r}{\sigma^{2}}}<0$ , (2.9)
. , , $D_{Lk}(x)$ ,
$D_{Lk}(x)= E^{x}[\int^{T_{k}^{d}}e^{-r(s-t)}c_{k}ds+(1-\alpha)e^{-r(T_{k}^{d}-t)}\Pi(x_{k}^{d})]$ , (2.10)
. , $\alpha>0$ $T_{k}^{d}$ .
, $E_{Lk}$ $D_{Lk}$ ,
$E_{Lk}(x;c_{k},x_{k}^{d})$ $=$ $\Pi(x)-\Pi(x_{k}^{d})(\frac{x}{x_{k}^{d}})^{\gamma}-(1-\tau)\frac{c_{k}}{r}(1-(\frac{x}{x_{k}^{d}})^{\gamma})$ , (2.11)
$D_{Lk}(x;c_{k},x_{k}^{d})$ $=$ $\frac{c_{k}}{r}(1-(\frac{x}{x_{k}^{d}})^{\gamma})+(1-\alpha)\Pi(x_{k}^{d})(\frac{x}{x_{k}^{d}})^{\gamma}$ (2.12)
$(k\in\{1,2\})$ . , $E_{k}$ $D_{k}$ , $c_{k}$ $x_{k}^{d}$
, $E_{Lk}(x;c_{k}, x_{k}^{d}),$ $D_{Lk}(x;c_{k}, x_{k}^{d})$ .
. . ,
$I_{k}$ , $V_{Lk}(x;c_{k},x_{k}^{d})=E_{Lk}(x;c_{k}, x_{k}^{d})+D_{Lk}(x;c_{k}, x_{k}^{d})$
$c_{k}$ . , $V_{Lk}(x;c_{k},x_{k}^{d})$ ,
$V_{Lk}(x;c_{k}, x_{k}^{d})$ $=$ $\Pi(x)+\frac{\tau c_{k}}{r}(1-(\frac{X}{x_{k}^{d}})^{\gamma})-\alpha\Pi(x_{k}^{d})(\frac{X}{x_{k}^{d}})^{\gamma}$, (2.13)
6 .
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. , 1 , 2 , 3
. , $V_{Lk}(x)$ $c_{k}$
$c_{k}= \frac{r}{r-\mu}\frac{\gamma-1}{\gamma}\frac{1}{h}Qx_{Lk}^{i}$ , $k\in\{1,2\}$ , (2.14)
. ,
$h=(1- \gamma(1-\alpha+\frac{\alpha}{\tau}))^{-1/\gamma}\geq 1$, (2.15)
.
, , $T_{Lk}^{1}= \inf\{s\geq t;X_{s}\geq x_{Lk}^{i}\}$
$E_{Lk}(x_{Lk}^{1}; c_{k}, x_{k}^{d})$ , $I_{k}$ .
$E_{Lk}(x_{Lk}^{i};c_{k},x_{k}^{d})-(I_{k}-D_{Lk}(x_{Lk}^{i};c_{k},x_{k}^{d}))=V_{Lk}(x_{Lk}^{i};c_{k},x_{k}^{d})-I_{k}$ ,
. , k $D_{Lk}(x_{Lk}^{i}; c_{k}, x_{k}^{d})$ ,
.
. , $t<l_{Lk}^{\dot{\mathfrak{n}}}$ ,
$x i_{4},x\max q(\frac{x}{x_{L1}^{i}})^{\beta}\{V_{L1}(x_{L1}^{i} ; c_{1},x_{1}^{d})-I_{1}\}+(1-q)(\frac{x}{x_{L2}^{i}})^{\beta}\{V_{L2}(x_{L2}^{i};c_{2},x_{2}^{d})-I_{2}\}$ , (2.16)
. , $\mathcal{M}_{L}^{*}=(x_{Lk}^{i*},x_{k}^{d*},c_{k}^{*})$ .
$(x_{Lk}^{i*},x_{k}^{d*},c_{k}^{*})=( \frac{\beta}{\beta-1}\frac{\psi}{\Pi(1)}I_{k}$, $\frac{x_{Lk}^{i*}}{h}$ $\zeta I_{k}),$ $k\in\{1,2\}$ , (2.17)
. ,
$\zeta$ $=$ $\frac{\gamma-1}{\gamma}\frac{\beta}{\beta-1}\frac{r}{1-\tau}(r+\frac{r}{1-\tau})^{-1}$ , (2.18)
$\psi$ $=$ $(1+ \frac{1}{h}\frac{\tau}{1-\tau})^{-1}\leq 1$ . (2.19)
. $\mathcal{M}_{L}^{*}$ , $x_{Lk}^{1*},$ $x_{k}^{d*},$ $c_{k}^{*}$ , $I_{k}$ . , $h>1$
$x_{Lk}^{i*}>x_{k}^{d*}$ . , $x_{Lk}^{*}<x_{Uk}^{*}$ $(k\in\{1,2\})$ .
$t<\dot{P}_{L1}^{*}$ $:= \inf\{s\geq t;X_{s}\geq x_{L1}^{i*}\}$ $E_{L}^{*}(x)$ ,
$E_{L}^{*}(x)$ $=$ $q( \frac{x}{x_{L1}^{i*}})^{\beta}\{V_{L1}(x_{L1}^{i*}; c_{1}^{*},x_{1}^{d*})-I_{1}\}+(1-q)(\frac{x}{x_{L2}^{i*}})^{\beta}\{V_{L2}(x_{L2}^{\iota*};c_{2}^{*},x_{2}^{d*})-I_{2}\},(2.20)$
. , $E_{L}^{*}(x)$ . ,
$t<\mathcal{I}_{L1}^{\dot{u}*}$ $D_{L}^{*}(x)=0$ , $t<\dot{\Gamma}_{L1}^{*}$ , .
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3,
. , $t=0$ , $t=0$ ,




$t=0$ , $I_{k}$ , $x_{k}=x(I_{k})$ ,
$w_{k}=w(I_{k})$ , $=p(I_{k})$ . ,
, $P>0$ . ,





. . $**$ . ,
, $\mathcal{M}^{**}$ , . , ,
$\max_{x_{\dot{U}k},w_{Ukp_{Uk}}}$,
$q( \frac{x}{x_{U1}^{i}})^{\beta}(\Pi(x_{U1}^{i})-I_{1}-w_{U1}-c(p_{U1}))$
$+(1-q)( \frac{x}{x_{U2}^{i}})^{\beta}(\Pi(x_{U2}^{i})-I_{2}-w_{U2}-c(p_{U2}))$ , (3.21)
:
$( \frac{X}{x_{U1}^{i}})^{\beta}w_{U1}=(\frac{X}{x_{U2}^{i}})^{\beta}(w_{U2}+\Delta I-p_{U2}P)$ , (3.22)
$( \frac{X}{x_{U2}^{i}})^{\beta}w_{U2}=(\frac{X}{x_{U1}^{i}})^{\beta}(w_{U1}-\Delta I-p_{U1}P)$ , (3.23)
$q( \frac{X}{x_{U1}^{i}})^{\beta}w_{U1}+(1-q)(\frac{X}{x_{U2}^{i}})^{\beta}w_{U2}\geq 0$ , (3.24)
$w_{IUk}\geq 0$ , $k\in\{1,2\}$ , (3.25)
$PUk\geq 0$ , $k\in\{1,2\}$ , (3.26)
$7\sim\llcorner$ , . $c(p_{k})$ $p_{k}$ .
.
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. $(3.22)(323)$ (incentive-compatibility constraints), $(3.24)(325)$
(participation constraints), (3.26) .
, .
. $I=I_{1}$ (3.22) . , (3.22)
$(I=I_{1})$ , (3.22) $(I=I_{2})$
. , ,
.
, . , (324)
, (3.25) 8.
, , 7
. , $I=I_{2}$ .
, $I=I_{2}$ . ,
$( \frac{x}{x_{U1}^{i}})^{\beta}w_{U1}=(\frac{x}{x_{\iota \mathfrak{s}2}^{i}})^{\beta}(\Delta I-p_{U2}P)$ , $w_{U1}\geq 0$ , $p_{U2}\geq 0$ , (3.27)





$( \frac{x}{x_{U1}^{1}})^{\beta}w_{U1}=(\frac{x}{x_{U2}^{i}})^{\beta}(\Delta I-p_{U2}P)$ , $w_{U1}\geq 0$ , PU2 $\geq 0$ , (3.29)
.
, $\mathcal{M}_{U}^{**}$ ,
$(x_{U1}^{i**},w_{U1}^{**},p_{U1}^{**})=(x_{U1}^{i*}$ , $( \frac{x_{U1}^{i*}}{x_{U2}^{i**}})^{\beta}(\Delta I-p_{U2}^{**}P)$, $0)$
$(x_{U2}^{i**},w_{U2}^{r*},p_{U2}^{**})=( \frac{\beta}{\beta-1}\frac{1}{\Pi(1)}I_{2^{**}}$ , $0$ , $p_{U2}^{**)}$ ,
,
$I_{2}^{**}=(I_{2}+c(p_{L\dagger 2}^{**})+ \frac{q}{1-q}(\Delta I-p_{U2}^{**}P))$ , (3.30)
8 , (3.24) (3.25) , (3.24) .
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$p_{U2}^{**}=\{\begin{array}{ll}0, if 0\leq P\leq\overline{1}-\overline{q}gd(0),c^{\prime-1}(\frac{1-}{q}\mathfrak{g}_{P)} if_{\overline{1}-\overline{q}}^{q}d(0)\leq P<rnax\{\Delta I, \frac{1-q}{q}c’(-\Delta IF)\},\frac{\Delta I}{P} otherwise.\end{array}$ (3.31)
. , $0\leq P\leq\overline{1}\overline{q}\underline{A}d(0)$ $w_{1}^{**}>0$ $p_{2}^{**}=0$ , $\overline{1}^{\underline{B}}\overline{q}d(0)\leq P<$
$\max\{\Delta I,q-Ad(T)\}$ $w_{1}^{**}>0$ $p_{2}^{**}>0$ , $w_{1}^{**}=0$ $p_{2}^{**}\geq 0$ .
. , , “bonus only region,” “combination region,” (audit only
region,” .
, $t<T_{U1}^{i*}$ $:= \inf\{s\geq t;X_{8}\geq x_{U1}^{i*}\}$ $E_{U}^{**}(x)$ $M_{U^{*}}(x)$ .
$E_{U}^{**}(x)$ $=$ $q( \frac{x}{x_{U1}^{i*}})^{\beta}(\Pi(x_{U1}^{i*})-I_{1})+(1-q)(\frac{x}{x_{U2}^{i**}})^{\beta}(\Pi(x_{U2}^{i**})-I_{2}^{**})$ , (3.32)
$M_{U}^{**}(x)$ $=$ $q( \frac{x}{x_{U2}^{i**}})^{\beta}(\Delta I-p_{U2}^{**}P)$, (3.33)
. , $t<\dot{T}_{U1}^{*}$ $B_{U}^{**}(x)=E_{U}^{**}(x)+M_{U}^{**}(x)$ ,
$B_{U}^{*r}(x)=q( \frac{x}{x_{U1}^{i*}})^{\beta}(\Pi(x_{U1}^{i*})-I_{1})+(1-q)(\frac{x}{x_{U2}^{i**}})^{\beta}(\Pi(x_{U2}^{i**})-I_{2}-c(p_{U2}^{**}))$ . (3.34)
. , $P<+\infty$ ,
$E_{L}^{*}(x)>B_{U}^{**}(x)$ , (3.35)
. , . ,
$AC_{U}(x)$ ,




$p_{U2}^{**}arrow 0$ , $x_{U2}^{i**}\downarrow x_{U2}^{\iota*}$ , (3.36)
,
$E_{U}^{**}(x)\downarrow E_{IU}^{*}(x)$ , $M_{U}^{**}(x)\downarrow 0$ , $B_{U}^{**}(x)arrow E_{t_{J^{v}}}^{*}(x)$ , $AC_{U}(x)arrow 0$ , (3.37)





$\mathcal{M}_{L}^{**}=(x_{Lk}^{i},w_{Lk},p_{Lk},x_{k}^{d},c_{k})$ , $k\in\{1,2\}$ ,
. , “**” . ,
, $\mathcal{M}_{L}^{**}$ , . , ,
$x_{Lk},w_{Lk}.,p_{Lk} \max_{:}$
$q( \frac{x}{x_{L1}^{i}})^{\beta}\{V_{L1}(x_{L1}^{i} ; c_{1}, x_{1}^{d})-I_{1}-w_{L1}-c(p_{L1})\}$
$+(1-q)( \frac{x}{x_{L2}^{i}})^{\beta}\{V_{L2}(x_{L2}^{i}; c_{2}, x_{2}^{d})-I_{2}-w_{L2}-c(p_{L2})\}$, (3.38)
:
$( \frac{x}{x_{L1}^{i}})^{\beta}w_{L1}=(\frac{x}{x_{L2}^{i}})^{\beta}(w_{L2}+\Delta I-p_{L2}P)$ , (3.39)
$( \frac{x}{x_{L2}^{i}})^{\beta}w_{L2}=(\frac{x}{x_{L1}^{i}})^{\beta}(w_{L1}-\Delta I-p_{L1}P)$ , (3.40)
$q( \frac{x}{x_{L1}^{i}})^{\beta}w_{L1}+(1-q)(\frac{x}{x_{L2}^{i}})^{\beta}w_{L2}\geq 0$ , (3.41)
$w_{Lk}\geq 0$ , $k\in\{1,2\}$ , (3.42)
$p_{Lk}\geq 0$ , $k\in\{1,2\}$ , (3.43)




$=$ $(x_{L1}^{i*},$ $( \frac{x_{L1}^{i*}}{x_{L2}^{i**}})^{\beta}(\Delta I-p_{L2}^{**}P))$ $0$ , $x_{1}^{d*}$ , $c_{1}^{*)}$
$(x_{L2}^{i**},w_{L2}^{**},p_{L2}^{**},x_{2}^{d**},c_{2}^{**})$ $=$ $( \frac{\beta}{\beta-1}\frac{\psi}{\Pi(1)}I_{2}^{**},$ $0$ , $p_{L2}^{**}$ , $\frac{x_{L2}^{i**}}{h}$ $\zeta I_{2}^{**)}$ ,
, $I_{2}^{**}$ (3.30) , $p_{L2}^{**}$
$p_{L2}^{**}=\{\begin{array}{ll}0, if 0\leq P\leq\overline{1}-A\overline{q}d(0),d^{-1}(\frac{1-q}{q}P), if \overline{l}-\overline{q}gd(0)\leq P<\max\{\Delta I, \underline{1}q-Ad(T)\},AIF’ otherwise,\end{array}$ (3.44)
. , $p_{L2}^{**}=p_{U2}^{**}$ . , $I_{2}^{**}>I_{2}$ , $x_{L2}^{i**}>x_{U2}^{i**},$ $w_{L1}^{**}>w_{U1}^{**}$ .
, $x_{L2}^{i**}>x_{L2}^{i*},$ $x_{2}^{d**}>x_{2}^{d*},$ $c_{2}^{**}>$ .
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$t<T_{L1}^{i*}$ $:= \inf\{s\geq t;X_{8}\geq x_{L1}^{i*}\}$ $E_{L}^{**}(x)$ $M_{L}^{**}(x)$ ,
$E_{L}^{**}(x)$ $=$ $q( \frac{x}{x_{L1}^{i*}})^{\beta}\{V_{L1}(x_{L1}^{i*}, c_{1}^{*},x_{1}^{d*})-I_{1}\}$
$+(1-q)( \frac{x}{x_{L2}^{i**}})^{\beta}\{V_{L2}(x_{L2}^{i**}; c_{2}^{**},x_{2}^{d**})-I_{2}^{**}\}$ , (3.45)
$M_{L}^{**}(x)$ $=$ $q( \frac{x}{x_{L2}^{i**}})^{\beta}(\Delta I-p_{L2}^{**}P)$ , (3.46)
. , $t<$ $B_{L}^{**}(x)=E_{L}^{**}(x)+M_{L}^{**}(x)$ ,
$B_{L}^{**}(x)$ $=$ $q( \frac{x}{x_{L1}^{i*}})^{\beta}\{V_{L1}(x_{L1}^{i*};c_{2}^{*},x_{2}^{d*})-I_{1})$
$+(1-q)( \frac{x}{x_{L2}^{i**}})^{\beta}\{V_{L2}(x_{L2}^{i**};c_{2}^{**},x_{2}^{d**})-I_{2}-c(p_{L2}^{**})\}$, (3.47)
. , $P<+\infty$ ,
$E_{L}^{*}(x)>B_{L}^{**}(x)$ , (3.48)
. , ,
9. , ACL(x) ,




$p_{L2}^{**}arrow 0$ , $x_{L2}^{i**}\downarrow x_{L2}^{i*}$ , $x_{2}^{d**}\downarrow x_{2}^{d*}$ , $c_{2}^{**}\downarrow c_{2}^{*}$ , (3.50)
,
$E_{L}^{**}(x)\downarrow E_{L}^{*}(x)$ , $M_{L}^{**}(x)\downarrow 0$ , $B_{L}^{**}(x)arrow E_{L}^{*}(x)$ , $AC_{L}(x)arrow 0$ , (3.51)










. , , ( )
( ) . , $x_{U2}^{i**}>x_{U2}^{i*},$ $x_{L2}^{i**}>x_{L2}^{i*},$ $c_{2}^{**}>c_{2}^{*},$ $x_{2}^{d**}>x_{2}^{d*}$
$1$ .
, . , ,
$c(p_{k})= \eta\frac{p_{k}}{1-p_{k}}$ , $k\in\{1,2\}$ , (4.52)
. $\eta>0$ . ,
$q=0.5,$ $\mu=0.03,$ $r=0.07,$ $\sigma=0.2,$ $I_{1}=50,$ $I_{2}=80,$ $\eta=5,$ $\tau=0.2,$ $\alpha=0.35$ .
1-3 . $x_{2}^{i}$ , $x_{2}^{d}$ . $c_{2}$ , $P$
. , $P<+\infty$ , $x_{U2}^{i**}>x_{U2}^{i*},$ $x_{L2}^{i**}>x_{L2}^{i*},$ $x_{2}^{d**}>x_{2}^{d*},$ $c_{2}^{**}>$ .
, ( $x_{U2}^{i**},$ $x_{L2}^{i**},$ $x_{2}^{d*}$ , c , $0\leq P\leq 20$ bonus only region, $20\leq P\leq 66.67$
combination only region, $66.67\leq P$ audit only region . , $P\uparrow+\infty$
, $x_{U2}^{i**}\downarrow x_{U2’}^{i*}x_{L2}^{i**}\downarrow x_{L2’}^{i*}x_{2}^{d**}\downarrow x_{2}^{d*},$ $c_{2}^{**}\downarrow c_{2}^{*}$ .
4.2
, , $T_{Lk}^{il}= \inf\{s\geq t;X_{s}\geq x_{Lk}^{il}\}$
$(l\in t*, **\})$ .
, $(*)$ $(**)$ , $cs_{k}$ ,
$I_{k}$ ,
$cs_{k}(x_{Lk}^{i*};c_{k}^{*}, x_{k}^{d*})$ $=$ $\frac{c_{k}^{*}}{D_{Lk}(x_{Lk}^{i*};c_{k}^{*},x_{k}^{d*})}-r=r\frac{\xi}{1-\xi}$ , $k\in\{1,2\}$ , (4.53)
$cs_{k}(x_{Lk}^{i**} ; c_{k}^{**}, x_{k}^{d**})$ $=$ $\frac{c_{k}^{**}}{D_{Lk}(x_{Lk}^{i**};c_{k}^{**},x_{k}^{d**})}-r=r\frac{\xi}{1-\xi}$ , $k\in\{1,2\}$ , (4.54)
,
$\xi=(1-(1-\alpha)(1-\tau)\frac{\gamma}{\gamma-1})h^{\gamma}$ . (4.55)
11. , , $k\in\{1,2\}$ ,
1- $I=I_{1}$ . $x_{U}^{1*}i=x_{U1}^{1*},$ $x_{L1}^{i*}=x_{L1}^{i*},$ $c_{1}^{*\gamma}=c_{1}^{*}$ . $x_{1}^{d**}=x_{1}^{d*}$ .
11 $t=T_{Lk}^{il}$ , $E_{k}’(x_{Lk)}^{*\iota}c_{k}^{\iota}, x_{k}^{d.l})$ , $D_{k}’(x_{i^{1};c_{k}^{l},x_{k}^{dl})}ik$ .
$E_{Lk}(x_{Lk}^{il};c_{k}^{l}.x_{k}^{dl})$ $=$ $\Pi(x_{Lk}^{il})-\Pi(x_{k}^{d\prime})h^{\gamma}-(1-\tau)\frac{c_{k}^{l}}{r}(1-h^{\gamma})$ , (4.56)
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$T_{Lk}^{il}$ $(l\in\{*, **\})$ . , $\tau\sim$
, , $(l\in\{*, **\})$ .
, $(*)$ $(**)$ , Lilk ,
$L_{k}(x_{Lk}^{i*}; c_{k}^{*}, x_{k}^{d*})$ $=$ $\frac{D_{Lk}(x_{Lk}^{i*};c_{k}^{*},x_{k}^{d*})}{V_{Lk}(x_{Lk}^{i*};c_{k}^{*},x_{k}^{d*})}=m,$ , $k\in\{1,2\}$ , (4.58)
$L_{k}(x_{Lk}^{i**}; c_{k}^{**}, x_{k}^{d**})$ $=$ $\frac{D_{Lk}(x_{Lk}^{i**};c_{k}^{**},x_{k}^{d**})}{V_{Lk}(x_{Lk}^{i**};c_{k}^{**},x_{k}^{d**})}=m$, $k\in\{1,2\}$ , (4.59)
. , , ,
$k\in\{1,2\}$ , $T_{Lk}^{il}$ $(l\in\{*, **\})$ .
, $t=7_{Lk}^{l}$ , , .
4.3
4 , $t<\tau_{L1}=\tau_{L1}$ $M_{U}^{**}(x)$ $M_{L}^{**}(x)$ $P$
12. , $M_{j}^{**}(x)$ $P$ , $P\uparrow+\infty$
$M_{j}^{**}(x)\downarrow 0$ $(j\in\{U,L\})$ . , $P<+\infty$ , $M_{U}^{*l}(x)\leq M_{L}^{**}(x)$ .
5 , $t<\tau_{L1}^{i*}(<\tau_{U1}^{t*})$ $E_{j}^{*}(x)$ $E_{j}^{**}(x)$ $P$
$(j\in\{U, L\})$ . , $P<+\infty$ $E_{j}^{**}(x)<E_{j}^{*}(x),$ $E_{j}^{**}(x)$ $P$
, $P\uparrow+\infty$ $E_{j}^{**}(x)\downarrow E_{j}^{*}(x)$ $(j\in\{U, L\})$ . ,
$E_{j}^{**}(x)$ $P$ , “maximum penalty principle” 13.
, $P<+\infty$ , $E_{U}^{*}(x)\leq E_{L}^{*}(x)$ $E_{U}^{**}(x)\leq E_{L}^{**}(x)$ .
4 5 , ,
. , $M_{U}^{**}(x)<M_{L}^{**}(x)$ $E_{U}^{l}(x)<E_{L}^{l}(x)$
$(l\in\{*, **\})$ .
6 , t<\mbox{\boldmath $\tau$} $AC_{j}(x)$ $P$
$(i\in\{U, L\})$ . , $P<+\infty$ $AC_{j}(x)>0$ . , $P\uparrow+\infty$
$AC_{j}(x)arrow 0$ . , ACj(X) $P$ .
, $AC_{t}(x)>AC_{U}(x)$ , , ,
14. , ,
$D_{Lk}^{l}(x_{Lk}^{il}.;c_{k}^{l},x_{k}^{dl})$ $=$ $\frac{c_{k}^{l}}{r}(1-h^{\gamma})+(1-\alpha)\Pi(x_{k}^{dl})h^{\gamma}$ , (4.57)
$(k\in\{1,2\}, l\in t***\})$ . , $t=T_{Lk}^{1/}$ $V_{Lk}^{l}(x_{Lk}^{il}.; c_{k}^{l}, x_{k}^{dl})=Et_{k}(x_{Lk}^{l};c_{k}^{l}., x_{k}^{dl})+$
$D_{k}^{l}(x_{Lk}^{il};c_{k}^{\iota},x_{k}^{dl})$ .





.7 , $t<\tau_{L1}^{i*}$ $P$
. , ,




. , $P\uparrow+\infty$ . $E_{j}^{**}(x)\downarrow E_{j}^{*}(x)$ , $\frac{E_{j}(x)-E_{j}}{E_{j}(x)}\downarrow 0$ $(i\in\{U,L\})$ .
8 . t<\mbox{\boldmath $\tau$} / $P$
. , / ,
$\frac{E_{j}^{*}(x)-E_{j}^{**}(x)-M_{j}^{**}(x)}{E_{j}^{*}(x)}=\frac{AC_{j}(x)}{E_{j}^{*}(x)}\geq 0$, $j\in\{U,L\}$ , (4.62)
. ,
$\frac{AC_{L}(x)}{E_{L}^{*}(x)}\geq\frac{AC_{U}(x)}{E_{U}^{*}(x)}$ , (4.63)
. , (4.63) , bonus only region combination region
, audit only region . , (461) , bonus only region
combination region $\frac{A/I^{*}(x)}{E_{L}^{*}(x)}<\frac{M}{E}L\dot{U}^{\frac{..(x)}{(x)}}$ audit only region $M_{L}^{**}(x)=M_{U}^{**}(x)=0$
. , $P\uparrow+\infty$ , $E_{j}^{**}(x)\downarrow E_{j}^{*}(x)$ $AC_{j}(x)arrow 0$ , $\frac{AC_{j}(x)}{E_{j}^{*}(x)}arrow 0$
$(j\in\{U,L\})$ .
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